The use of forage turnip (*Brassica rappa* L. var. *rappa* L.) as a cover crop in rotation with soybean \[*Glycine max* (L.) Merr.\] has been intensified in regions with mild winter in South America. The former has been largely cultivated in Southern, Southeastern, and Central Brazil, where the Atlantic Forest and Cerrado biomes predominate ([@CIT0018], [@CIT0019]), especially because it is known to increase fertilizer efficiency, improve soil quality, and reduce erosion. Additionally, it can also be used to produce seed oil, biofuel, biomass, livestock feed, and flowers for bees ([@CIT0018], [@CIT0017], [@CIT0060]).

However, the intensification of crop production is likely to affect the population dynamics of insect pests ([@CIT0002]). In crop rotations, polyphagous insects may benefit from using both crop species as host plants. Loopers (Lepidoptera, Noctuidae, Plusiinae) are an important group in this scenario because many of these species feed on a wide variety of crop species ([@CIT0058], [@CIT0010], [@CIT0011], [@CIT0029], [@CIT0009], [@CIT0048], [@CIT0008], [@CIT0012], [@CIT0044], [@CIT0068], [@CIT0057], [@CIT0020]). The looper complex in soybean is composed of *Argyrogramma verruca* (Fabricius, 1794), *Autoplusia egena* (Guenée, 1852), *Chrysodeixis includens* (Walker, \[1858\]), *Ctenoplusia oxygramma* (Geyer, 1832), *Enigmogramma admonens* (Walker, \[1858\]), *Rachiplusia nu* (Guenée, 1852), and *Trichoplusia ni* (Hübner, \[1803\]) ([@CIT0021], [@CIT0029], [@CIT0033], [@CIT0065], [@CIT0025]). All these species are abundant in a wide variety of agricultural ecosystems ([@CIT0033]).

Although *C. includens*, *R. nu*, and *T. ni* may represent the majority of lepidopterous pests recorded in different regions of Brazil ([@CIT0059]), their geographical distribution and host plant preferences are not the same. *Chrysodeixis includens* is found all across the Americas and prefers soybean as host plants ([@CIT0033], [@CIT0032], [@CIT0003], [@CIT0006], [@CIT0025], [@CIT0045], [@CIT0068]). *Rachiplusia nu* is restricted to southern South America ([@CIT0004]) and is reported to feed on alfalfa (*Medicago sativa* L.), flaxseed (*Linum usitatissimum* L.), sunflower (*Helianthus annuus* L.), tobacco (*Nicotiana tabacum* L.), and soybean ([@CIT0055], [@CIT0048], [@CIT0064], [@CIT0007], [@CIT0037], [@CIT0053]). *Trichoplusia ni* is cosmopolitan ([@CIT0021], [@CIT0033]) and prefers cabbages (*Brassica oleracea* var. *capitate* L.) ([@CIT0028], [@CIT0014], [@CIT0001], [@CIT0070]). Similar to *C. includens*, *R. nu* is also frequently associated with soybean, oftentimes causing negative impact on productivity ([@CIT0050], [@CIT0051], [@CIT0052]; [@CIT0056]; [@CIT0036]; [@CIT0005]; [@CIT0007]; [@CIT0054]; [@CIT0037]). Nonetheless, to the best of our knowledge, the development of these different species on soybean and forage turnip has never been directly compared in the same experiment.

Aiming to generate more information for the management of insect pests in agricultural ecosystems that use cover crop rotation, in the present study the biotic potential (BP) of *C. includens*, *R. nu*, and *T. ni* feeding exclusively on soybean or forage turnip is quantified and their life tables are compared. Based on feeding preferences, the following hypotheses were tested: 1) due to its abundance and persistence in South American agricultural ecosystems, *C. includens* seems to have higher BP compared with the two other species; 2) because of their reciprocal occurrence in soybean and forage turnip, *C. includens* and *T. ni* have inverse patterns of BP when rearing on different host plants; and 3) due to its restricted distribution area and higher association with soybean, the BP of *R. nu* is expected to be lower than that of the two other species, but similar to that of *C. includens*, i.e., higher in soybean than in forage turnip.

Materials and Methods {#s1}
=====================

Larval Host Plant Origin and Preparation {#s2}
----------------------------------------

Soybean var. BRS 133 (Embrapa) was cultivated in greenhouse, between 15 and 32°C, under a 14:10 (L:D) photoperiod. Each plant was grown in an individual 5-liter plastic pot, following soil and fertilizer recommendations ([@CIT0022]). All leaves harvested for the feeding trials were mature and removed from the upper third of each soybean plant after blooming. Forage turnip var. Cati AL 1000 (Wolf Seeds do Brasil, Ribeirão Preto, SP, Brazil) was cultivated in open space, between −3.2 and 26°C, under photoperiods ranging from 10:14 to 12:12 (L:D), following the recommendations of [@CIT0023]. Leaf harvest was performed using the same criteria employed for soybean. All leaves were removed from the plant using a sterilized scalpel, submersed in 1% KOH solution for 10 min, and washed in water for 5 min before storage in Eppendorf tubes.

Insect Origins and Rearing Procedures {#s3}
-------------------------------------

*Chrysodeixis includens* (*n* = 63) and *R. nu* (*n* = 52) were collected on soybean var. BRS Charrua RR in the experimental area of Fundação Estadual de Pesquisa Agropecuária (FEPAGRO), at Centro de Pesquisa da Região Nordeste, in the municipality of Vacaria, RS (28°30′09″S, 50°56′12″W, 955 m a.s.l.); the larvae of *T. ni* (*n* = 22) were collected in collard greens (*Brassica oleracea* var. *viridis* L.) in a garden in the municipality of São Pedro da Serra, RS (29°25′41″S, 51°30′46″W, 488 m a.s.l.). All experiments were carried out under controlled temperature (25 ± 1°C), humidity (70 ± 10%), and photoperiod (12:12, L:D), beginning with the first instar of the first laboratory generation. To avoid preimaginal conditioning ([@CIT0034]), the larvae collected in the field that originated the insects used in the trials were reared on an artificial diet ([@CIT0027]).

The larval stage was studied using 200 neonate larvae of each species. The specimens were reared individually in polystyrene boxes (11.5 cm × 11.5 cm × 3 cm; Gerbox, Laborshopping, Uberlândia, MG, Brazil) containing humidified towel papers and soybean leaflets or forage turnip leaves. The boxes were cleaned daily, and the survival rates were registered. The host plant leaves were changed every 2 d or whenever the specimen consumed more than 50% of the leaf area. Prepupal period was registered as the interval from the moment the larva stopped feeding to the moment it climbed to the top of the box and produced a cocoon. It was possible to observe through the silk when they pupated.

The pupae were removed from their cocoons 2 d after pupation for sex identification and weighing in a semianalytical balance (0.01-g precision). Thereafter, the pupae were kept individually in 200-ml transparent plastic cups containing humidified expanded vermiculite until imago emergence. The total duration of the larval stage and the survival rate were then calculated including the prepupal period.

To maximize the fertility and fecundity of loopers, the experiments with adults were conducted using three couples of each species kept in plastic cylindrical cages (20 cm × 20 cm; [@CIT0038], [@CIT0069]). In total, 10 cages (replicates) was used for each species to count the number of eggs deposited by females that emerged under each host plant diet. The cages were covered internally with dark green bleached sulfite paper to favor egg counting and their top was closed with plastic film. Additionally, an artificial diet (honey 10 g, sorbic acid 1 g, methyl paraben 1 g, sucrose 60 g, distilled water to 100 ml) was given to adults inside each cage according to the methods proposed by [@CIT0030]. The cages were also daily cleaned to avoid contamination and observe longevity and egg deposition. Fecundity was considered as the mean number of eggs in the cages, whereas fertility was considered the mean percentage of larvae that emerged from 20 samples (pieces of paper containing eggs) chosen at random.

The mean duration of the egg stage was calculated based on 200 eggs randomly sampled between all eggs available. The eggs were then reared in Petri dishes together with a humidified piece of the paper towel where they were originally laid.

Data Analysis {#s4}
-------------

The intrinsic capacity of each species to generate descendants under different food sources and laboratory conditions was determined based on estimated BP or annual offspring. According to the definition of [@CIT0063], BP corresponds to the sexual proportion (number of females/\[number of females + number of males\]) multiplied by the number of descendants and raised to the power of the number of generations per year. It was calculated considering sex ratio (sr), total fecundity/survival rate (*d*), number of generations per year (*n*), and environmental resistance (ER), assuming no ER took place while the insects were reared in the laboratory. Additionally, a fertility table was designed following [@CIT0063], consisting of net reproductive rate (*R*~o~), mean generation time (*T*), intrinsic rate of increase (*r*~m~), and finite rate of increase (λ). Data analysis was performed in an Excel spreadsheet (Microsoft Office).

The effect of plant and looper species on the time required for the development of the immature stages was evaluated using analysis of variance. Tukey's HSD test (*P* \< 0.05) was used to classify the means when differences were detected. Additionally, the average survival time of adults was estimated for each species, food plant species, and sex and compared using the survival function of Kaplan--Meier estimate ([@CIT0031]). All the analyses were performed using the Statistical Package for Social Sciences (SPSS) program for Windows version 9.0.

Results {#s5}
=======

The three species of Plusiinae were successfully reared on both host plants. *Chrysodeixis includens* had heavier pupae as well as higher rates of fecundity, survival, and reproductive parameters such as net reproductive rate and number of females per generation ([Tables 1--3](#T1 T2 T3){ref-type="table"}, [Figs. 1--5](#F1 F2 F3 F4 F5){ref-type="fig"}). Therefore, BP (annual offspring) of *C. includens* was higher than that of *R. nu* and *T. ni* considering the availability of both host plants ([Fig. 5](#F5){ref-type="fig"}).

###### 

Survival of looper immature stages fed on soybean and forage turnip leaves (25 ± 1°C, 70 ± 10% RH, and 12:12 \[L:D\] h photoperiod)

  Immature stage   *Chrysodeixis includes*   *Rachiplusia nu*   *Trichoplusia ni*                                                       
  ---------------- ------------------------- ------------------ ------------------- ------ ----- ------ ----- ------ ----- ------ ----- ------
  Egg              200                       95.8               200                 96.0   200   96.9   200   76.9   200   87.9   200   97.7
  Larva            194                       98.9               194                 97.4   193   98.4   194   78.4   194   76.3   192   96.4
  Prepupa          192                       98.9               189                 95.8   190   96.8   152   65.1   148   78.4   185   93.5
  Pupa             190                       99.5               181                 97.8   184   98.4   99    77.8   116   87.1   173   96.5
  Total            189                       93.3               177                 87.6   181   90.9   77    30.5   101   45.8   167   84.9

###### 

Duration (d) of looper immature stages fed on soybean and forage turnip leaves (25 ± 1°C, 70 ± 10% RH, and 12:12 \[L:D\] h photoperiod)

  Immature stage   *Chrysodeixis includes*   *Rachiplusia nu*   *Trichoplusia ni*                               
  ---------------- ------------------------- ------------------ ------------------- ------------- ------------- -------------
  Egg              2.9 ± 0.4c                2.9 ± 0.4abc       2.5 ± 0.4d          3.0 ± 0.4ab   3.1 ± 0.4a    2.9 ± 0.4bc
  Larva            16.2 ± 1.6b               16.8 ± 1.5a        13.4 ± 1.4e         13.4 ± 1.5e   14.9 ± 1.4c   13.8 ± 0.9d
  Prepupa          1.7 ± 0.5cd               1.9 ± 0.4bc        1.6 ± 0.8d          1.6 ± 0.8d    2.1 ± 0.6a    1.9 ± 0.8ab
  Pupa             7.5 ± 1.1ab               7.8 ± 0.9a         6.9 ± 0.7c          7.8 ± 0.8a    7.4 ± 1.2b    6.4 ± 0.7d
  Total            28.3 ± 2.9b               29.7 ± 2.5a        24.5 ± 1.7d         26.6 ± 3.1c   27.8 ± 2.3b   25.3 ± 2.9d

###### 

Reproductive parameters of *Chrysodeixis includens*, *Rachiplusia nu*, and *Trichoplusia ni* originated from larvae fed on soybean and forage turnip leaves

  Reproductive parameter   *Chrysodeixis includens*   *Rachiplusia nu*   *Trichoplusia ni*                   
  ------------------------ -------------------------- ------------------ ------------------- ------- ------- -------
  *T*                      32.5                       33.6               29.7                30.2    31.0    29.9
  *R* ~*o*~                389.0                      271.1              231.1               50.6    56.7    337.8
  *r* ~*m*~                0.183                      0.166              0.183               0.130   0.130   0.195
  λ                        1.2                        1.18               1.20                1.14    1.14    1.21

*T*, mean generation time (d); *R*~*o*~, net reproductive rate; *r*~*m*~, intrinsec rate of increase; λ, finite rate of increase.

![Weight (g) and SE of *Chrysodeixis includens*, *Rachiplusia nu*, and *Trichoplusia ni* pupae originated from larvae fed on soybean and forage turnip leaves (25 ± 1°C, 70 ± 10% RH, and 12:12 \[L:D\] h photoperiod).](iez072f0001){#F1}

![Average survival time (Kaplan--Meier) and confidence intervals of *Chrysodeixis includens*, *Rachiplusia nu*, and *Trichoplusia ni* adults originated from larvae fed on soybean and forage turnip leaves (25 ± 1°C, 70 ± 10% RH, and 12:12 \[L:D\] h photoperiod).](iez072f0002){#F2}

![Mean fecundity and confidence intervals of *Chrysodeixis includens*, *Rachiplusia nu*, and *Trichoplusia ni* adults originated from larvae fed on soybean and forage turnip leaves (25 ± 1°C, 70 ± 10% RH, and 12:12 \[L:D\] h photoperiod); ANOVA, Tukey 0.05%.](iez072f0003){#F3}

![Relationship between age-specific survival (*l*~*x*~) and number of offspring per day (*m*~*x*~) of (A) *Chrysodeixis includens*, (B) *Rachiplusia nu*, and (C) *Trichoplusia ni* originated from larvae fed on soybean and forage turnip leaves (25 ± 1°C, 70 ± 10% RH, and 12:12 \[L:D\] photoperiod). (-- --): *l*~*x*~ soybean; (- - -): *l*~*x*~ forage turnip; (....): *m*~*x*~ soybean; (\-\-\--): *m*~*x*~ forage turnip.](iez072f0004){#F4}

![Biotic potential (annual offspring) of *Chrysodeixis includens*, *Rachiplusia nu*, and *Trichoplusia ni* originated from larvae fed on soybean and forage turnip leaves (25 ± 1°C, 70 ± 10% RH, and 12:12 \[L:D\] h photoperiod).](iez072f0005){#F5}

However, feeding on these two different host plants profoundly affected the biotic parameters measured for each species. Moreover, the general pattern observed for most biological measurements showed that the host plant exerted greater influence on *R. nu* and *T. ni* than on *C. includens*. Higher differences were found in pupal weight ([Fig. 1](#F1){ref-type="fig"}), survival and duration of immature stages ([Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}), and fecundity ([Fig. 3](#F3){ref-type="fig"}) of *T. ni* reared on each host plant compared to *C. includens*. Some differences found in biological measurements of *C. includens* were not statistically significant (survival, duration of instar or stages, longevity, and fecundity), showing that the females of this species have the same reproductive potential regardless of the host plant.

*Rachiplusia nu* reared on soybean leaves had higher BP ([Fig. 5](#F5){ref-type="fig"}), similar to those of *C. includens*. For instance, its annual number of offspring (6.718 × 10^29^) was almost as high as that observed for *C. includens* reared on the same host plant (1.187 × 10^30^). The annual number of offspring of *R. nu* reared on forage turnip was comparable to that of *T. ni* reared on soybean.

The comparison of age-specific survival (*l*~*x*~) and number of offspring per day (*m*~*x*~) in a graph ([Fig. 4](#F4){ref-type="fig"}) indicates that the fecundity of each species is raised as a result of a higher survival rate provided by a preferred host plant. Similarly, the mean generation time (*T*) of each species feeding on a single host plant ([Table 3](#T3){ref-type="table"}) is related to the duration of its immature stages ([Table 2](#T2){ref-type="table"}). In turn, net reproductive rate or number of females per generation (*R*~o~), intrinsic rate of increase (*r*~m~), and finite rate of increase (λ) are influenced by fecundity and fertility. Therefore, higher values of *R*~o~, *r*~m~, and λ were detected for *C. includens* and *R. nu* fed on soybean and for *T. ni* fed on forage turnip leaves.

Nonetheless, some of the biotic measurements did not change between species or according to the host plant they were reared on. For instance, oviposition peak was always concentrated between the fourth and the fifth day after adult emergence ([Fig. 4](#F4){ref-type="fig"}). The average survival of adults ([Fig. 2](#F2){ref-type="fig"}) was markedly similar in all the species reared on different host plants (except for *T. ni* fed on forage turnip), showing that some of the biotic parameters of these species are not affected by host plant.

Discussion {#s6}
==========

This study showed that the three species of Plusiinae were able to develop and successfully reproduce using soybean or forage turnip as host plants, thus sharing a typical trend of polyphagous species ([@CIT0028]; [@CIT0014]; [@CIT0033]; [@CIT0048]; [@CIT0064], [@CIT0068]; [@CIT0070]; [@CIT0007]; [@CIT0003]; [@CIT0037]; [@CIT0006]; [@CIT0020]). Moreover, BP estimated for the three species was above 10^21^ per year, higher than the values estimated for other insect pest species such as *Agrotis*, *Anicla*, *Helicoverpa*, and *Spodoptera* ([@CIT0066], [@CIT0067]; [@CIT0039], [@CIT0040], [@CIT0041]; [@CIT0061],b). This finding indicates the potential economical losses that these species may cause to a wide variety of crop species, including those used in rotation systems.

Comparisons of BP between insect pest species are not common in the literature because this parameter is usually measured to evaluate the response of a single species to the use of different host plants or different geographical locations ([@CIT0013], [@CIT0061]). However, the comparison of reproductive parameters between different insect pest species feeding on certain plant species is also important, especially in cases similar to this study, involving crops cultivated in crop rotation and succession in broad areas.

Naturally, different looper species exhibit distinct biotic parameters. In the present study, *C. includens* had higher survival rates than the other two species, as well as higher fecundity, fertility, and annual offspring taking both host plants into consideration. This result was already expected, not only because the species is currently known as a key pest of soybean, but also because it has been the most abundant looper recorded in several agricultural ecosystems in South America ([@CIT0029], [@CIT0044], [@CIT0057]), even in areas not planted with soybean.

The large abundance of *C. includens* across South America could also be justified by the similarity of some of its biotic parameters even feeding on distinct host plants. Although soybean is considered the main host of *C. includens*, the development of this insect pest species in a cover crop species was almost as good as it occurs in the former, contradicting our previous expectations. Several pest species rearing on alternative host plants have responded with lower BP. *Helicoverpa armigera* (Hübner, 1809) populations rearing on citrus and corn had lower reproductive parameters compared with those rearing on cotton ([@CIT0061]). In addition, the high degree of polyphagia of these insect pest species ([@CIT0068]) and the high suitability of host plants considered alternative or not common such as cowpea, sweetpotato ([@CIT0042]), castor bean ([@CIT0003]), and pineapple ([@CIT0020]) should also be taken into consideration. A wide variation in reproductive parameters was also observed in studies with populations of *C. includens* ([@CIT0042]), *Spodoptera exigua* (Hübner, 1808), and *Spodoptera eridania* (Stoll, 1782) rearing on different host plants ([@CIT0047], [@CIT0026]). This variation could be mainly attributed to the fact that an alternative host plant may not offer optimal nutrition to these insects, thus constraining their potential growth and proliferation ([@CIT0016], [@CIT0046]). Therefore, our results suggest that forage turnip is an additional optimal host plant for *C. includens*, which can be used by this species to maintain its populations during crop rotation and succession.

In contrast, *R. nu* and *T. ni* had very distinct performances in each host plant, showing that, under this circumstance, crop rotation plays a greater role in their population dynamics. Larval performance and adaptation of *T. ni* to several host plants has been particularly studied worldwide (see [@CIT0015] and references therein), and its preference for particular species of Brassicaceae has been demonstrated in several trials ([@CIT0028], [@CIT0014], [@CIT0013], [@CIT0070], [@CIT0035]). In the present study, its preference for Brassicaceae is once again evidenced, although this time using a species not previously tested anywhere: the forage turnip. In fact, *T. ni* feeding on forage turnip exhibited relevantly high BP, higher than that of *C. includens* rearing on soybean, thus justifying its main pest status in Brassicaceae cultivated worldwide.

Similar to *C. includens*, *R. nu* surprisingly responded to soybean as a preferred host plant. In addition, some of its biotic parameters such as annual offspring were similar to those of *C. includens.* This parameter observed in laboratory could be the cause of its predominance (e.g., large abundance) in soybean crops in Southern Brazil ([@CIT0054]) and Argentina ([@CIT0050], [@CIT0051], [@CIT0052]; [@CIT0005]). It is possible that this phenomenon is related to its adaptation to colder climates ([@CIT0044]).

The comparison of BP between insect pest species is additionally important to predict the differences in their development according to the plant species they feed on in rotation systems in agricultural landscapes. For example, *R. nu* and *T. ni* populations should be largely affected by the use of forage turnip after soybean, in contrast to what is expected for *C. includens*. Therefore, the use of a cover crop after soybean in rotation systems may bring several benefits to the agricultural management ([@CIT0044]). However, considering the presence of polyphagous pest species such as *C. includens* ([@CIT0068]), this management practice may increase the food availability to these species throughout the year. Thus, by extending the number of generations per year, populations of *C. includens* may be higher in rotation systems that include these host plants.

In contrast, if the rotation of the two crops allows the presence of immature Plusiinae individuals in the areas during most part of the year, the occurrence of generalist natural enemies (microorganisms, parasitoids, and predators) of these insect pests may be favored, which is extremely important to maintain the balance of their populations ([@CIT0059], [@CIT0043], [@CIT0049]). Also, forage turnip is almost always cultivated free from pesticides, leading to maximized survival and development of natural enemies. Furthermore, genetically modified soybean and cotton plants that express Cry1Ac and Cry1F toxins represent an important tool in the management of main lepidopteran pests, including Plusiinae ([@CIT0071]). Therefore, the use of forage turnip as a non-*Bt* alternative host plant in rotation systems is favorable to maintain the susceptibility to *Bt* crops, especially *Bt* soybean.

Another important aspect related to the management of these loopers is their great capacity of dispersion and even migration (especially in the Northern Hemisphere) in higher latitudes. *Chrysodeixis includens*, *T. ni*, and *Rachiplusia ou* (Guenée, 1852), the latter a sister species of *R. nu*, are known as migrating species in North America ([@CIT0024], [@CIT0070]). This behavior is directly associated with the dispersal abilities of pest species aiming to find preferable and/or alternative host plants. Considering that forage turnip is cultivated during the winter, we expected that cold-adapted species such as *T. ni* and *Rachiplusia* spp. would benefit from the presence of this crop in the rotation composition. Nonetheless, the 'tropicalization' of forage turnip, currently cultivated in lower latitudes ([@CIT0018]), could favor the presence of *C. includens* in hotter areas.

Taking into consideration the distribution of the Plusiinae species studied and that forage turnip is cultivated in the winter, it is plausible that the abundance of *C. includens* populations, a species with higher occurrence in tropical and subtropical areas ([@CIT0033], [@CIT0070]), is limited by the low temperatures of this season, especially in higher latitudes and altitudes. In turn, both *R. nu* and *T. ni*, more adapted to subtropical and temperate regions ([@CIT0033], [@CIT0070], [@CIT0037]), would be favored in higher latitudes and altitudes, with higher populations, especially in subtropical and mountainous areas.

The present study showed the ability of polyphagous species to develop and reproduce feeding on two very distinct crop species (Brassicaceae and Fabaceae), both commonly used in crop rotation management. Though field studies are necessary to corroborate these findings, the use of forage turnip in rotation to soybean may benefit *C. includens* because this species rears on both host plants with very similar reproductive efficiency. Thus, the use of both crop species in rotation could extend the number of generations of *C. includens* throughout the year, probably raising economical losses in both crop species.
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